ABSTRACT Levels of SogaleJ/a furcifera (Horvath) resistance among varieties with different resistance genes were measured by the seedbox screening technique. and by the following biological criteria: insect feeding rate, oviposition mte, egg hatchability, survival, length of development period, and population growth. There were distinct differences in the levels of S.furcifera resistance among varieties with the different genes. The populalion growth test was the most useful test to assess the levels of resistance among varieties. IR2035-117-3 having two resistance genes, Wbph I + Wbph2, was the most resistant variety as indicated by the population growth study.
Sogate/la fureifera (Horvath) . is distributed throughout South, Southeast, and East Asia (Nasu 1967) . S.fureifera feeds on several host plants but is a major pest of rice. Both nymphs and adults feed on the leaves and leaf sheaths, removing plant sap which results in leaf yellowing, reduced tilIcring and plant height, and unfilled grains. High populations of S.fureifera cause "hopperburn," a complete drying of the plant (Pathak I 968) . Severe infestations causing hopperburn have been reported from China, Indonesia, India, Japan, Korea, Pakistan, the Philippines, Taiwan, and Vietnam (Mochida et a!. 1982).2 S. furelfera and the brown plant hopper, Nilaparvata lugens (Stal) , both feed at the base of rice plants, where N. lugens is usually the most abundant of the two delphacids. Possibly due to a lack of competition, high S. fureifera populations have been observed on rice varieties which have genetic resistance to N. lugens. These varieties now occupy about 15 million ha in Asia, and S. fureifera has appeared to be increasing in severity.
Because of the cost of insecticides and insecticideinduced S. fureifera resurgence (Heinrichs, unpublished data) breeding programs at the International Rice Research Institute (lRRI) and in several countries are emphasizing the development of S. fureifera-resistant varieties. More than 40.000 varieties from the IRRI germplasm collection have been evaluated for S. Jurcifera resistance in the last 12 years by using the seedbox seedling screening technique (Rodriguez-Rivera 1972 , Pablo 1977 . This technique measures primarily qualitative resistance, and intermediate levels of resistance are difficult to detect. Of the 40,000 varieties evaluated, about 300 resistant varieties have been identified. Screening in India has identified additional resistant varieties (Khush et a!. 1982 Studies on the inheritance of resistance to S. fureifera have been conducted at IRRI, using the seed box screening technique and three dominant genes, Wbph I in variety N22 (Sidhu et a!. 1979) , Wbph2 in ARClO239 (Angeles et a!. 1980) , Wbph3 in ADR52 (Hernandez and Khush 1981) , and a recessive gene, wbph4, in Podiwi A8 (Hernandez and Khush 1981) have been identified. In addition, Angeles et al. (1981) Biotype selection in N. lug ens has greatly complicated breeding for resistance to this pest (Pathak and Heinrichs 1982a) . Preliminary studies indicate that biotype selection also occurs in S. furcifera populations exposed to resistant varieties for several generations (Heinrichs, unpublished data) . Rice varieties vary greatly in their level of S.furclfera resistance. The relationship between level of S. fureifera resistance and rate of biotype selection is currently being investigated at IRRI. As a portion of the biotype selection study, the study herein reported was conducted to determine the levels of S. furcifera resistance in varieties having different resistance genes. Criteria used were S. fureifera seedling damage rating and varietal effects on S. fureifera biology.
Materials and Methods
Varieties included in the tests were N22, ARC 10239, ADR52, 'Podiwi A8,' IR2035-117-3, WC 1240, and 'Colombo.' Taichung Native I (TN I) was used as the susceptible check. S. fureifera reared on TN I for more than 20 generations were used as test insects. All tests were conducted in a greenhouse or a headhouse room at IRRI with temperatures ranging from 20 to 30°C. Methodology and experimental design were the same as that described for the nymphal survival test. However, the duration of the test was extended, and nymphs were allowed to reach the adult stage. Adult emergence was recorded daily until completed. The total number of adults emerging per cage was determined, and percent adult emergence calculated as:
Adult Mortality, Odposition Rate, alld Egg Hatchability
Test variety seedling growth, treatments, and experimental design were the same as in the population growth test. Adult mortality was recorded daily from I to 5 01. Sex of the dead adults was noted and percent mortality of each sex computed.
At 5 01, all surviving adults were removed from the cages and plants left caged for further counts of eggs and nymphs. Newly emerged nymphs were counted daily beginning at 6 01, and counting was continued until hatching was completed at 12 OJ. At 14 01, plants were dissected under a binocular microscope, and unhatched eggs were counted. The total number of eggs per cage was determined by summing thc number of nymphs and unhatched eggs. Percent egg hatch was computed by:
number of nymphs number of nymphs + number of unhatched eggs % egg hatch
Seedbox Screening Test
Seed of test varieties were sown in wooden seedboxe( 60 by 40 by 10 cm) containing fertile soil. Varieties were replicatcd three times and arranged in a randomized complete block design (RCBO). One row consisting of 30 seeds per variety was sown in each replication. Seven days after sowing (OS), seedlings were infested with 2nd-instar S. furciJera nymphs at a density of about eight per seedling. Seedlings were rated for damage at 5, 7, 9, I], and 13 days after infestation (01), based on a scale from I to 9 as follows. (Economic injury is considered to occur at 5 on the scale.) (I) Very slight damage; (3) first and second leaves with orange tips; slight stunting; (5) more than half the leaves with yellow-orange tips; pronounced stunting; (7) more than half the plants dead; remaining plants severely stunted and wilted; and (9) all plants dead.
Population Growth

Survival of Nymphs
Twenty-day-old potted plants of the test varieties were covered with a mylar film cage (]O cm in diameter by 90 cm tall) and arranged in an RCBO in a galvanized iron tray containing water. Each variety was replicated five times. Ten days after caging the plants, insect pests, parasites, and predators were removed. Ten Ist-instar S. furciJera nymphs were then placed in each cage. At 1201, plants were examined and the number of surviving nymphs in each cage recorded. Percent nymphal survival was computed by the formula: number of surviving insects counted % survival = . number of nymphs placed m the cage The mean developmental period (] st-instar nymphs to adult) of S. furcifera survivors on each variety was calculated, and the growth index was computed as follows.
. % adult emergence growth mdex = .
mean developmental period (days)
To determine the rate of increase of S. fureifera populations on the test varieties, 7-day-old seedlings were transplanted into IO-cm-diameter clay pots at four seedlings per pot. One pot represented a replication, with varieties being replicated five times and arranged in an RCBO in a galvanized iron tray with water. Thirteen days after transplanting (OT), the potted plants were covered with a mylar film cage (10 cm in diameter by 90 cm tall). Ten days after caging plants, insects pests, predators, and parasites were removed by tapping, and % adult emergence number of adults that emerged number of nymphs infested x ]00 hAt 12 days after infestation on 20-day-old plams. 'Progeny produced by live pairs (male and female) of adults at 30 days after infestation on 30-day-old plants.
F eedill/? Rate
Feeding rates on the test varieties were determined by mcasuring the amount of honeydew excreted by S. furcitl'ra adults feeding on 30-day-old plants in a feeding chamber described by Paguia et a!. (1980) . The feeding chamher was placed at the middle portion of the leaves and supported by a mylar film cylinder. Five 3-to 5-day-old female adults were placed in each chamber and allowed to feed overnight for 16 h. Filter papers were collected, and spots produced by the reaction of the honeydew with bromocresol green were traced on paper. Area of the spots was determined by counting the numbcr of squares over I-mm o graph paper, and feeding rate was exprcssed as the arca of the spots (Pathak and Heinrichs 1982b) .
Results
Therc were distinct differences among varieties in the seedbox screening test (Table I ). The damage ratings of varieties with one gene for S. furcifera were intcrmediate, ranging from 4 to 7 at 7 01 compared with a 9 rating for the susceptible check, TN 1. At 13 01, the monogenic varieties gave moderately susceptible to susceptible reactions with damage ratings of 6 in N22, 7 in ARCI0239 and AOR52, and 9 in 'Podiwi A8.' Of the digenic varieties, IR2035-117-3 with the Wbph 1 + Wbph2, WCI240 with Wbphl + I recessive gene, and 'Colombo' with the Wbph2 + I recessive gene had damage ratings of 3, 2, and 5, respectively, at 13 Of, indicating higher levels of resistance than the monogenic varieties.
Survival of Nymphs
Survival of the nymphs after 12 days was generally high on all the test varieties (Table 2) . Only ARC 10239, AOR52, and IR2035-117-3 had significantly lower survival than the susceptible check with survival being lowest on the latter.
Populatioll Growth
All varieties except N22 and 'Podiwi A8' significantly suppressed population growth ( Feeding Rate Feeding was extremely low and similar on all resistant varieties. Area of honeydew spots on filter paper ranged from 10 mm' on IR2035-117-3 to 44 mOl' on WC 1240, but differences were not significant. Honeydew excretion on the susceptible check (714 mOl') was about 30 times that on the resistant varieties. Discussion Levels of resistance among rice varieties with different genes and gene combinations for S. ii/reifera resistance vary, depending on the criteria which are used to measure the resistance. In the seedbox screening test, seedlings of the monogenic varieties all had similar reactions and were less resistant than the digenic varieties. N22 with the Wbphl gene and ARCI0239 with the Wbf7h2 gene had a damage rating of 6 and 7, respectively, at 13 01, whereas IR2035-1 17-3, which possesses both these genes, had a rating of 3. Based on the seed box screening test, it appears that two genes provide higher levels of resistance than one.
Survival of S. furcifera in various tests was usually
Results of the adult emergence test were similar to those obtained in the test on nymphal survival. Percent nymphs reaching the adult stage was thc same as the TNI check on N22. 'Podiwi AS,' WC1240, and 'Colombo' (Table 5) . Emergence was lowest on lR2035-117-3, where only 521J'c of the Ist-instar nymphs survived to become adults.
The developmental period of the survivors was longest on varieties with two resistance genes (Table 5) . On IR2035-117-3, 16.1 days were required from the Istinstar to the adult stage. Developmental period on the varieties with one resistance gene, N22, ARCI0239. ADR52, and 'Podiwi AS' was not significantly different from susceptible TN I. Because of the low adult emergence and long developmental period, the growth index was lowest on IR2035-117-3 (Table 5 ). N2~and 'Podiwi AS' were not significantly different from the check. Mortality of adult females on the test varieties was generally higher than the males (Table 3) . Difference among sexes was most distinct on N22, 'Colombo,' and 'Podiwi A8.' Mortality of females on N22 was 88% and only 20% for the males at 501. There were significant differences in mortality among varieties with different genes. Among females, mortality at 5 01 was highest on IR2035-l17-3 (100%), N22 (88%), ARCI0239 (76%), and ADR52 (76%). Male mortality at 5 DI was highest on ADR52 (80%), ARClO239 (72%), and IR2035-1 17-3 (72%). Mortality of males on N22 and 'Podiwi A8' was not significantly different from the check.
Oviposition was severely inhibited on all test varieties, being only about 10% of that on TNI (Table 4) . Except for 'Podiwi AS,' which had more eggs, there were no significant differences among varieties with the various resistance genes. None of the resistant varieties affected percent egg hatch (Table 4) . The population on IR2035-l17-3, however, was very low. Oviposition rate, egg hatchability and amount of feeding did not appear to be important population growth factors, because they were similar in most cases. Differences in population growth and growth index despite equal feeding on the different varieties indicate possible differences in the nutritive value of the plant sap ingested.
Of the various criteria used to assess the levels of resistance among varieties having different resistance genes, the population growth test appears to be the most useful, because it is affected by the combination of feeding rate, nutritional value of the food, oviposition rate, and survival, and is a simple test to conduct. It gives a good indication of the overall reaction to be expected under field conditions but does not, however, measure the level of tolerance which would be a factor affecting ultimate grain yield losses.
Differences in levels of S. furcifera resistance among varieties with different genes and gene combinations are distinct. However, the differences may not be due to major genes alone. In addition to the major genes, minor genes can also be contributing to the differences in the levels of resistance among varieties. Thus, there may be greater differences among varieties with the same major gene, due to minor gene effects, than differences among varieties with different major genes. Studies are now being conducted to determine the minor gene effect on S. furcifera resistance by comparing the levels of resistance of different rice varieties having the same major gene Wbphl or Wbph2.
To more fully utilize information on varietal resistance level in a resistance breeding program, more infornlation on the effect of low, moderate, and high levels of resistance on biotype selection rates is needed. The relationship between the level of resistance of a particular resistant variety and its compatibility with other control tactics also remains unexplained. This information would provide guidance in devising a breeding strategy for S. furcifera resistance and enable entomologists and plant breeders to more fully exploit varietal resistance as a control tactic in an integrated rice pest management system.
